Low emissivity glass for high transparency in the visible range and low emissivity in the IR (infrared) range was fabricated and investigated. The multilayers were have been fabricated, and consisted of two outer oxide layers and a middle layer of Ag as a metal layer. Oxide layers were formed by rf sputtering and metal layers were formed using by an evaporator at room temperature. SiInZnO (SIZO) film was used as an oxide layer. The OMO (oxide-metaloxide) structures of SIZO/Ag/SIZO were analyzed by using transmittance, AFM (atomic force microscopye), and XRD (X-ray diffraction). The OMO multilayer structure was designed to investigate the effect of Ag layer thickness on the optical property of the OMO structure.
INTRODUCTION
Interest in to the energy saving technology of by adopting low emissive glass for conventional building has been rapidly increasing [1] . Low emissivity (Low-e) glass has been widely used to increase the energy efficiency of windows. Low-e glass has advantages, such as a high transmittance of about 80% or more in the visible range and a low emissivity in the infrared (IR) range [2] .
Recently, OMO (oxide/metal/oxide) multilayer structures have emerged as an alternative to low emissive coatings because they provide good optical and electrical characteristics [1] [2] [3] . They are fabricated on glass substrates with a middle layer of Ag as a thin metal layer sandwiched between two outer oxides layers [3] . TCO (transparent conduction oxide) thin films have been extensively studied for use as electrodes in optoelectronic devices such as solar cells, organic light emitting diodes, and flat-panel display devices [4] [5] [6] . The essential conditions of TCO materials are high conductivity and transparency at a visible range (380 nm < λ < 780 nm). Sn-doped indium oxide (ITO) thin films have been practically commercialized due to their low resistivity and high transparency in the visible range. However, Zn oxide based TCO has emerged as an alternative material to ITO, due to its low cost, wide bandgap, low absorption in the visible region, and good stability under an ambient atmosphere [7] [8] [9] . Amorphous silicon indium zinc oxide (SIZO) semiconductor has was high transparencyt and a smooth surface [10] . In this paper, we have investigated Low-e coatings with an OMO structure using amorphous SIZO/Ag/SIZO multilayers. Amorphous SIZO transparent semiconducting layers were fabricated and were then observed. The observation showed the possibility of improved optical property and the reduction of the use of Ag, showing the potential application of low emissivity coating with low cost.
EXPERIMENTS
SIZO/Ag/SIZO multilayer thin films on a glass substrate were used for this study. The amorphous SIZO layers were deposited by radio frequency sputtering method at room temperature. The middle layer of Ag film sandwiched between two outer oxide layers was grown using the thermal evaporation system. Both the top and bottom SIZO layers were approximately 25 nm thick, while the Ag thicknesses varied between 5 and 15 nm. The film thickness was measured using a surface profiler (Tencor, Alpha step 250). A UV-Vis spectrometer (Carry 5000, Agilent), was used to measure the optical transmittance of the multilayer in the wavelength range 300~1,400 nm as a function of Ag thickness. The structural properties of the multilayer were characterized by using atomic force microscopy (AFM, Probes). Figure 1 shows the XRD (X-ray diffraction) patterns of the SIZO/Ag/SIZO multilayer films. Based on the results of XRD analysis, no peak that satisfies the Bragg's law was observed indicating the amorphous structure of SIZO. Figure 2 shows the surface topography of the SIZO single layer by AFM (atomic force microscopy). It is important to note that surface roughness was observed to have increased as the thickness of the Ag layer was increased. This can cause more scattering of the incident light, resulting in the reduction of transmission [11] .
RESULTS AND DISCUSSION
The roughness of the multilayer films increased with the increase of the Ag interlayer thickness before Ag formed a continuous film at about 9 nm. The roughness of the multilayer films decreased as increasing Ag thickness. The surface roughness of the SIZO/Ag/ SIZO multilayer films was attributed to the formation of the Ag layer. Figure 3 shows the optical transmittance spectra over a wavelength range of 300~1,400 nm for SIZO/Ag/SIZO multilayers with various the Ag interlayer thicknesses. In the short wavelength region, the transmittance was affected by the absorption of light by interband electronic transitions [12] . Therefore, the transmittance decreased with increasing Ag thickness because more electrons were available for inter-band transition, which resulted in greater light absorption. The decrease in transmittance in the near infrared region is observed with the increasing carrier density. This behavior is caused by the increasing plasma oscillation frequency with the increasing carrier density, which could be explained quantitatively by the Drude theory and is well known in degenerated TCO films [13, 14] . From the Drude-Lorentz free electron model, the plasmon frequency (ωω p ) can be expressed as the following equation:
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CONCLUSIONS
In summary, through both experimental and the computational works, we reported on the characteristics of a SIZO/Ag/SIZO multilayer for low emissivity glass. It was found that the optical property of the multilayer was critically affected by the thickness of the inserted Ag layer. The multilayer with a 9 nm thick Ag layer showed the highest optical property of 83.5% in the visible region due to the surface plasmon resonance of the Ag layer. It was found that the surface plasmon resonance of the Ag layer could be rendered effective by finding the transition of the Ag morphology from disconnected islands to continuously connected films. These results show that the SIZO/Ag/SIZO multilayer deposited on a glass substrate could serve as a viable alternative for low emissivity glass.
